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A Review of Architecture Tools for the
Australian Defence Force

Executive Summary

Complex defence architecture development efforts require the support of sophisticated
enterprise architecture tools. This report identified over 20 different tools ranging from
re-positioned CASE tools; expanded Business Process Re-engineering based tools, and
general purpose enterprise architecture tools.

From this initial collection of 20 tools, four tools were selected for more detailed
review; PTech Inc.’s Framework, Computas AS's METIS, Popkin Software’s System
Architect 2001 (SA 2001) and Proforma Corp’s ProVision. These four tools were
selected because they represent a fair sample of the type of architecture tools currently
available.

Logicon Inc.’s JCAPS tool is also described, however, it was not reviewed in the same
detail as the above four tools, because a demonstration version of JCAPS could not be
made available to the review team.

The detailed reviews of the four tools were undertaken using a review framework that
consisted of two dimensions, a functional dimension -- which reviewed how well the
tools could support the architecture development activity, and a user communities
dimension -- which reviewed how suitable the tools would be for various Australian
Defence organisation user communities.

The following table summarises the results of the functional review of the four tools.

Functional Area Framework | METIS SA 2001 ProVision
Methodologies and Models 3/5 3/5 1/5 3/5
Model Development Interface 2/5 4/5 3/5 3/5
Tool Automation 2/5 1/5 3/5 2/5
Extendibility and Customisation 4/5 4/5 1/5 1/5
Analysis and Manipulation 3/5 3/5 1/5 Unknown
Repository 3/5 1/5 4/51 4/52
Deployment Architecture 1/5 1/5 4/51 4/5?
Costs and Vendor Support 1/5 2/5 3/5 1/53
1. For the multi-user version of System Architect.

2. With the inclusion of the BOSS multi-user repository.

3. This includes the BOSS multi-user repository. See review for additional information.

The following table summarises the results of the user community’s review of the four
tools.




User Communities Framework | METIS SA 2001 ProVision
Dimension

Capability Developers 3/5 3/5 2/5 2/5
Operational Planners 3/5 3/5 1/5 2/5
Architectural Researchers 4/5 4/5 1/5 1/5

Finally, this report presents some alternative approaches Defence may wish to
consider, including the development of a custom tool, and the integration of COTS
tools. The current CAT development effort is described in this context.
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1. Introduction

Architectures are an emerging approach for capturing complex knowledge about
organisations and systems. Architectural approaches range from broad, enterprise
focused approaches, through to approaches aimed at specific user communities. Within
the defence community, the US DoD's C4ISR Architecture Framework (C4ISR AF)! is
emerging as one method, among many, for capturing the knowledge of how a defence
force can be organised for particular situations.

Important to adoption of an architectural approach is the availability of tools to
support the development, storage, presentation and enhancement of architecture
representations. As with architecture methodologies, architecture tools to support the
architectural development process are still emerging?.

This report presents a review of architecture tools that are relevant for emerging ADF
architecture development efforts. Over 20 different architecture tools have been
identified and documented in Appendix A. A representative sample of four tools was
selected from this list for more detailed analysis. The Review Framework, described in
Section 2, was used as the basis for this analysis. The process used to identify the
documented architecture tools is described in Section 3 of this report, with Section 4
containing the detailed reviews of the four representative tools.

As well as reviewing existing architecture tools, this reports describes alternative
approaches for architecture tool development. Existing tool development efforts, as
well as alternative approaches are discussed in Section 5 of this report. The final
section, Section 6, describes several alternatives that may be useful for supporting the
Australian Defence Organisation’s (ADO) architecture development efforts.

1 C4ISR AWG. (1997). C4ISR Architecture Framework Version 2.0. December 1997. US DoD.
2 More information on the current state of ADF architectures can be obtained from the Defence

Architecture Office.
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2. Review Framework

To consistently review the architecture tools described in this report, the review team
derived a review framework. The review framework consists of two dimensions: the
basic functionality of the tool, and the utility of the tool to different user groups within
the ADO.

When reviewing a tool’s basic functionality, the review team attempted to describe
how well the tool performed the different functions needed for the architecture
development activity. The tools basic functionality was examined in the following
areas:

® Methodologies and Models;

¢ Model Development Interface;

e Tool Automation;

e Extendability and Customisation;
¢ Analysis and Manipulation;

e Repository;

e Deployment Architecture; and

e Costs and Vendor Support.

Each functional area is described in more detail Section 2.1.

The second dimension, the tool’s utility to different user groups, captures the fitness
for purpose of the tool, and describes how useful the tool would be to particular ADO
user communities The user communities considered were:

e Capability Developers;
e Operational Planners; and
e Architectural Researchers.

Each ADO user community is described in more detail in Section 2.2.

2.1 Functionality Dimension

This dimension of the review framework attempts to capture how well the tool
performs the core functions needed to support the architecture development activity.
This dimension breaks the functionality of an architecture tool into eight key areas.
Each of the four representative tools was reviewed against this framework.
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2.1.1 Methodologies and Models

The most important feature of an architecture tool the methodologies and modelling
the approaches it supports. The approaches the tool supports dictate the types of
architectures the tool is capable of supporting, and to an extent, the type of analysis
and manipulation functions the tool is capable of performing. As well as reviewing the
methodologies and modelling approaches, this functional area also reviews how well,
or how completely, the tool implements the methodologies and modelling approaches
it claims to support.

For tools that are capable of supporting multiple methodologies and modelling
approaches, this functional area also examines how well the different approaches are
integrated. For example, when complementary methodologies and modelling
approaches (for example process modelling and data modelling) are used, how well
can the different approaches be used together in an overall architectural approach?
When a tool supports competing approaches (for example two approaches to data
modelling) how well can the data being modelled be moved between the different
perspectives offered by the competing approaches?

2.1.2 Model Development Interface

The model development interface is the most obvious part of an architecture
development tool. It is the interface used to design, build, maintain and often
manipulate, the models that make up the architecture. Generally, models are built and
maintained graphically, by manipulating icons and the connections between them. The
tool’s model development interface may also use textual interfaces to allow additional
information to be appended to the graphical models.

The overall quality of the model development interface is an important characteristic of
any architecture development tool. The interface must support the modelling activity
well, for example by automating some of the drawing functions, by automatically
laying out models, or by providing pick lists of alternative values at the appropriate
places during the modelling activity. The model development interface must also be
intelligently structured, make good use of limited screen space, be logical and
consistent to use and navigate. The tool should ideally follow the graphical user
interface conventions and guidelines that apply to its host operating system.

2.1.3 Tool Automation

Developing and populating architecture models is often the most time consuming part
of the architecture development activity. By providing support for automating parts of
the architecture development processes, a tool can help speed up the overall
development activity.
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A tool may support the creation of macros or scripts, to automate common functions or
actions, or to group several functions together into one action. These may be used to
automate parts of the model development activity. This feature is closely related to the
tool’s ability to be customised, which is described in the next section.

The tool may also provide the ability to automatically generate architecture models
based on data held within the tool's repository, or have the ability to generate
architecture models as a result of data manipulation functions.

2.1.4 Extendability and Customisation

This functional group captures how well an architecture tool can be modified to meet
the unique architectural requirements of the ADO. Architecture tools may support
customisation by allowing users to add new modelling approaches or to modify the
modelling approaches already supported by the tool. A tool may also support
modification by providing a programming interface, allowing the functions of the tool
to be modified, or allowing the tool to be integrated with other software products.

Most architecture tools that support high levels of customisation allow the underlying
metamodels of the tool to be modified, and new metamodels added. Metamodels are
literally models about models. They describe what entities can exist within particular
models, the legal relationships between the different entities, and their properties. By
modifying the existing metamodels, or adding completely new metamodels, a tool can
be customised to support new modelling approaches.

The ability to modify the tool via a programming interface allows the functionality and
behaviour of the tool to be customised to meet the unique requirements of the ADO.
Programming customisation may be achieved though the use of an application
scripting language, for example Visual Basics for Applications (VBA), or through
support for adding external components, for example, Active X/ DCOM components.

Architecture tools may be extended by integrating them with other software products.
This may be achieved via direct integration through an exposed API within the tool, or
via a middleware layer, for example ActiveX/DCOM, CORBA, and so on. Integration
may also be supported via importing and exporting data into and out of the tool via
standard file types; for example, character delimited or fixed width delimited text files,
HTML, or SYLK files and so on.

2.1.5 Analysis and Manipulation

As well as supporting the development of architecture models, an architecture tool
may also provide support for analysis and manipulation of the developed models. The
type of analysis and manipulation support provided by the tool is often tied to the
particular modelling approaches supported by the tool. For example, Flow Analysis is
often tied to process/workflow modelling.

i~
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Analysis support provided by a tool may simply examine how correct or complete the
model is, relative to a particular modelling approach used. More sophisticated analysis
support may allow the model to be interrogated in some way, or be subjected to
particular analysis methods. Analysis support may include the ability to compare
different versions of models, allowing current and to-be architectures to be compared.

Manipulation functions capture a tool’s ability to change the way the models are
represented and viewed. This may include the ability to view models from particular
perspectives, for example showing only particular classes of entities, or the ability to
amalgamate separate models into a single model.

2.1.6 Repository

All the tools within this domain make use of some kind of data repository to hold the
developed models. The functions provided by the tool’s repository have a significant
impact on the overall functionality, scalability and Extendability of an architecture tool.
Some tools make use of commercial relational database management systems, or
commercial Object Orientated or Object/Relational database systems, while others use
proprietary repository systems.

A tool's repository often dictates the way users can collaborate. A repository may
provide support for collaboration by supporting multiple, concurrent, users on the one
repository, or by providing the ability to combine models developed by different
modellers into one model.

The repository may also provide many different data management functions, including
the ability to support model versioning, the ability to roll back to previous versions, the
ability to lock parts of the model against change, and the ability to control access to
part or all of the model.

2.1.7 Deployment Architecture

A tool’s deployment architecture describes the tool’s software structure and software
implementation. Generally, architecture tools tend to adopt one of two deployment
architectures: either a single user/single client structure, or a simple two-tier
client/server structure.

Single user/single client structured tools are designed to operate on one workstation,
and can generally only be used by one user at a time. Tools that implement this style of
deployment architecture generally have a very tight coupling between the tool and its
repository. In this type of deployment architecture, only one modeller can have access
to the repository at any one time.
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The second common deployment architecture found within the architecture tool
domain is a simple two tier client/server structure. Tools that implement this style of
deployment architecture generally have looser coupling between the tool and the
repository. Generally, the repository is stored on a network server, and can often be
accessed by multiple concurrent users. This deployment architecture allows multiple
modellers to work on the same models concurrently.

2.1.8 Costs and Vendor Support

The final functional group considered is the cost of the tool and after sales support
provided by the vendor. The cost of architecture tool licenses can range anywhere from
$US 2,000 to $US 7,000 per license, and optional extras are often available for an
additional cost. Given the high costs of this type of tool, the types of licensing
agreements offered by the vendor, and how they may lower the overall cost, is
important. For example, does the vendor support floating licences, allowing expensive
licenses to be shared among a large group of users? Does the vendor offer discounts for
bulk purchases, or site licences? Does the vendor offer discounts to government or
defence organisations?

Also important in the overall cost of adopting an architecture tool, are the cost and type
of maintenance and/or after sales support contracts offered by the vendor. Is the
vendor able to offer comprehensive, in-house training? If the vendor is a foreign
company, do they have an Australian representative available to provide training?
Does the vendor offer free technical support? Is the vendor able to offer free or heavily
discounted upgrades? How does the vendor address software faults discovered by the
user? What are the yearly maintenance costs associated with the tool?

2.2 User Communities Dimension

The user communities dimension of the review framework captures the usefulness of
the tools to Defence. Within Defence, three groups have been identified as being likely
to gain significant benefits from the use of an architecture tool -- Capability
Developers, Operational Planners and Architecture Researchers.

The evaluation of the tools considered their suitability for use by each of these user
groups. The needs of other groups, such as software architects, are not considered in
this report. These have been addressed in other papers3.

The three groups in the ADO architecture community vary in their intent, their
technical sophistication, and consequently their architectural tool requirements.

3 Hunt ]., Mad About Modelling. Application Development Advisor. May/June 1999.
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2.2.1 Capability Developers

Capability developers include staff involved in the analysis and assessment of
capability. For example, it includes staff in the Defence Information Environment
Architectures Office and Joint Logisitics Support Agency. These users create enterprise
architectures in order to make decisions about purchases, processes, doctrine and
training. The architecture tools should be able to capture current and future resources
(such as platforms, assets and components), organisations, people, information
exchanges, tasks or activities, and processes and their relationships.

Capability developers need a tool that is easy to use, with support available when
required. Local support is desirable, but probably not essential providing it is very
responsive. The tool should have a strong drawing and analysis capability and allow
reuse between architectures for different activities undertaken at different times. The
ability to integrate with existing Defence data stores is very desirable.

2.2.2 Operational Planners

Operational planners, including HQAST and Strategic Command staff, create
campaign architectures for specific campaigns or contingencies. Campaign
architectures consist of a series of planned operational configurations that may be both
time and event dependent. They need to be assembled and modified quickly, and
should be based on current (or planned) Defence capability.

Operational planners need a tool that is easy to use. It is highly desirable that local
(security cleared) support is available when required. The tool should have strong
drawing and reuse facilities including support for multiple, related, configurations
within a single architecture. Quick, automated, analysis and consistency checking is
highly desirable. Integration with existing data sources is essential, particularly when
implementing the plan.

2.2.3 Architectural Researchers

Architectural researchers investigate all aspects of architectural approaches and
methodologies. This can involve researching different representations and architectural
structures, including the development and investigation of alternative modelling
approaches. For example, architecture researchers might investigate methods for
adapting the C4ISR Architectural Framework (C4ISR AF) developed by the US DoD to
support Australian requirements.

As such, the requirements for a tool to support architectural research are quite
challenging. The over-arching requirement is flexibility in defining and adapting
modelling approaches. However, a robust tool is also required to develop large-scale
demonstrators to investigate, and promote these alternative approaches.
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Unfortunately, flexibility can be both a benefit and a liability. The most flexible tools
allow users to do anything they want, regardless of whether or not it is sensible. Thus,
the needs of the architectural researchers may be at odds with those of other Defence

users.




e

DSTO-TR-1139

3. Tool Identification and Selection

The collection of potential architecture tools was obtained via comprehensive WWW
search, as well as searching relevant technology portals (ZDNet and CMP’s TechWeb).
The vendors of the various tools were contacted, and additional information on each
tool identified was obtained.

Currently, the architecture tool domain is broadly polarised into two classes of
architecture tools: Extended CASE Tools, and Business Process Re-engineering (BPR)
tools.

Many CASE tool vendors are positioning their products as being able to support the
enterprise architecture development activity as well as being able to support the
development of computer applications. While some CASE tools have considerable
functionality to support the enterprise architecture development activity, over and
above what may be required for the system development domain (which is the
traditional domain of most CASE tools), most fall short and are still only suitable for
providing support for the development of applications.

The second class of tools, often described as architecture or enterprise architecture
tools, are Business Process Re-engineering (BPR) tools. BPR tools emerged during the
late 1980s and early 1990s to provide tool support for BPR activities. Most tools within
this class support some type of process modelling. Some of the more sophisticated BPR
tools support other types of modelling approaches, for example, information flows,
activities, organisational structures, and so on, as well as the ability to integrate the
different approaches together.

During the initial WWW search for potential architecture tools, examples of both
classes of tools were identified. However, only tools that supported one or more
modelling approaches aimed at representing the structure and function of an
enterprise, as well as enforcing the rules and constraints of the supported modelling
approaches, were considered suitable as architecture tools. These tools are listed in
Appendix A, and includes BPR tools and CASE tools, as well as several purpose-built
enterprise architecture tools. While the list of tools found in Appendix A may not be
complete, it can be considered a fair sample of the types of architecture tools currently
available.

The view of architecture tools adopted by this report excludes lower-CASE CASE tools,
and other specialist modelling, simulation tools and sophisticated drawing tools.
Lower-CASE CASE tools tend to focus on modelling approaches and methodologies
aimed at developing computer applications, rather than modelling approaches or
methodologies aimed at modelling the enterprise. Most other specialist modelling and
simulation tools suffer from similar limitations. Also excluded were most drawing
tools. While drawing tools are capable of supporting almost any visual modelling
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approach, they don’t provide the ability to ensure the resulting models conform to the
modelling approaches or methodology. They also tend to lack many of the model
analysis and manipulation functions expected from an architecture tool.

From the list of potential architecture tools identified in Appendix A, a representative
sample of four tools was selected for detailed review. When selecting these tools, the
goal was to identify four tools that capture many of the features of the architecture
tools identified in Appendix A. The four tools selected were subjected to a more
detailed review process, described in Section 4.

PTech Inc.’s* Framework tool was selected because it not only supports many of the
industry standard enterprise modelling approaches, but it also supports the C4ISR
Architecture Framework. PTech’s Framework is also highly customisable and
extendable, and provides good model analysis functions.

Computas AS’s’ METIS is an interesting tool that is fully customisable. It only supports
a few standard modelling approaches, but it provides a powerful metamodelling
facility so end-users can add their own modelling approaches. METIS also includes a
powerful view concept which allows the models to be manipulated, as well as
including a sophisticated model development interface.

Popkin Software’sé System Architect 2001 was selected as an example of a CASE tool
that is emerging to provide support for enterprise modelling. System Architect 2001,
supports some enterprise modelling approaches, as well supporting some levels of
customisation. The tool also includes a process simulation tool, model analysis
functions, and a multi-user repository.

Proforma Corp’s” ProVision was selected as an excellent example of a comprehensive
and slightly extendable BPR style tool. It provides support for a collection of
methodologies and modelling approaches. ProVision also has an interesting way of
implementing modelling approaches. Rather than supporting specific methodologies
and modelling approaches, ProVision supports diagram types. ProVision also provides
good model manipulation functions. The vendor is also currently reviewing the tool,
and future releases of ProVision may include support for the C4ISR Architecture
Framework.

One tool that could not be reviewed in any detail was Logicon Inc.’s JCAPS tool.
Developed under contract from the US DoD, JCAPS is a tool designed specifically to
provide support for the development and manipulation of C4ISR Architecture
Framework products. At the time of writing, a version of JCAPS was not made

4 PTech Inc.'s WWW Site: http:/ /www.ptechinc.com/.

5 Computas AS's WWW Site: http:/ / www.metis.no/ products/.
6 Popkin Software’s WWW Site: http:/ / www.popkin.com.

7 Proforma Corp’s WWW Site: http:// www.proformacorp.com.
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available for review. However, a review of JCAPS, based only on the available JCAPS
literature, is included in Section 4.6.

4. Tool Reviews

Each of the four tools identified in the previous sections were reviewed in detail by the
review team. Evaluation copies of each tool were obtained from the vendors, although
in the case of PTech Inc.’s Framework, copies already owned by DSTO were used. Each
tool was reviewed against the review framework described in Section 2. In order to
ensure consistency between the reviewers, an evaluation template was used to review
each tool. A copy of the template can be found in Appendix B.

4.1 PTech Inc.”s Framework

PTech Inc. describes Framework as enabling organisations to visually and logically
capture their enterprise architecturess. Framework has an enterprise wide focus, providing
support for many enterprise and business modelling approaches, as well as providing
modelling approaches to support application design and development. Framework is
also one of the few tools to provide support for C4ISR Architecture Framework. It is
customisable and extendable, making it capable of supporting new modelling
approaches as they emerge.

Framework comes in three versions, Technology, Business and Enterprise. Technology
Framework provides support for modelling approaches aimed at software applications
development. Business Framework provides support for modelling approaches aimed
at the business and enterprise functions and structures, for example, Business
Architecture/ Value Chain Models, Strategic Planning and Process/ Workflow Models.
Enterprise Framework includes the modelling approaches supported by Technology
and Business Framework, as well as providing support for the Zachman Enterprise
Framework. A customisation kit is also available for each version, which adds support
for extending and customising Framework. Framework is only available for
Microsoft’'s Windows 95, 2000, and NT 4.0.

The version of Framework reviewed in this report was the Enterprise Framework,
Version 5.4.2., with the customisation kit. Framework exists as a self-contained, single
user/single machine application. Installing framework is straightforward except for
registering the application. PTech Inc. has taken an interesting approach to software
security. To activate Framework, once it has been installed, a licence key is obtained
from PTech Inc. This licence key only allows Framework to execute on the machine on
which it has been installed. Moving the Framework to another machine, or
upgrading/re-installing the machine’s operating system, requires a new set of
activation keys from PTech Inc.

8 PTech Inc.'s WWW Site: http:/ /www.ptechinc.com/.
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Framework comes with a small set of printed manuals covering most of the basic
functions of Framework. More advanced topics, for example customisation, queries or
report writing, are covered in the electronic version of the manuals. The online help
provided with Framework is sparse and important topics are often not covered. The
printed manuals are a little better. Overall the documentation covers most of the basic
topics well, however, the more advanced topics are poorly covered, or not addressed at
alL.

4.1.1 Supported Methodologies and Models

Framework supports a very wide collection of modelling approaches and
methodologies, including: Business Objects, Rules, and Relationship Diagrams,
Enterprise Activities/Process diagrams, enterprise requirements, and enterprise
structure diagrams, as well as process diagrams, strategic planning, and team
architectures diagrams. Framework also supports Forte Class and Event diagrams, and
UML 1.1. Framework also supports class diagrams for JAVA, C++, as well as CORBA,
and Oracle diagrams. With the addition of the PTech Inc.s Military Information
Architecture Accelerator (MIAA), Framework also provides some support for the
C4ISR Architecture Framework, although it currently only supports the OV-1, OV-2,
OV-4, 5V-1 and SV-2 products.

Modelling in Framework is very flexible. While Framework does support formal
modelling approaches, it is possible to combine elements of different modelling
approaches together, in sensible, and sometimes not so sensible ways. This flexibility is
a doubled edged sword. By allowing different modelling approaches to be combined,
Framework is very flexible, and allows modellers to adopt the best modelling
approaches to represent what they are trying to capture. However, this flexibility also
means Framework will allow a modeller to develop models that don’t actually conform
to the modelling standard used. For example, it is possible within Framework to
develop IDEF models that don't fully conform to the rules of IDEF.

Unlike some tools in this class, Framework doesn’t rigorously enforce modelling
approaches, nor does it provide any methods for checking a model’s conformity to
particular modelling approaches. Framework does ensure that all the entities and
relationships in a model conform to the rules expressed in one or more metamodels.
However, these metamodels need not come from the same modelling paradigm. Apart
from providing little support for ensuring integrity of any models developed,
Framework’s implementation of the various modelling approaches it supports seems
to be complete.

4.1.2 Model Developers Interface

Framework’s Model Development Interface follows the almost standard layout for
tools in this class. As shown by Figure 1 below, on the left of the screen is the
navigation hierarchy. The navigation hierarchy allows collections of models,
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metamodels, tool folders and queries to be organised in folders. The middle of the
Framework panel is taken up by the model drawing area, and on the far right is the
entity and relationship icon palette. Along the top are the drop-down menus and
various toolbars.

On the bottom of the screen are two information windows -- the documentation
window, and the status windows. The documentation window will show any text held
within the documentation property of any modelling entity, or even a diagram. The
status window shows the results of the various systems operations, for example, the
results of running a report, or the results of a find operation. All the windows can be
undocked from each other, repositioned, and shown or hidden independently of each
other. It is useful to close both the documentation and status windows to save screen
space.

Extensive use of tabs makes it easy to move between panels of the same type, for
example moving between different model drawing area panels, or between different

navigation views.
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Figure 1 PTech Inc.'s Framework Enterpnse Edition, showmg a C4ISR AF OV-2 model.

Framework’s interface takes a little getting use to. Some of the drop-down menu
options are hidden away in unexpected places, and there is often a strange division

13




DSTO-TR-1139

14

between functions kept on the drop-down menus in the toolbars, and functions kept on
the pop-up, contextual menus. However, overall, Framework follows most of
Microsoft’s Windows 95, 2000, and NT 4.0 GUI conventions.

Navigating through the collection of models can be achieved via the model navigation
hierarchy or via hyper-links placed within the models themselves. The navigation
hierarchy works as expected. Models can be held in different folders, and opened by
clicking on them. The hyper-links, added by the model developer, make it easy to
move from one model to the next simply by clicking on the hyper-links. By using
hyper-links, it is possible to create various paths through a collection of models.

New models are created as a specific type of model. For example, as a C++ Class
Model, or an Enterprise Activity model. Associated with each model type is the
specific icon palette, called the tool folder in Framework. The icon palette holds the
different objects and relationships that can be used in the modelling approach selected.

Models are developed by dragging icons representing objects, and icons representing
relationships between the different objects, from the tool folder to the model drawing
area. Only relationships associated with the relevant objects types in a metamodel can
be used to link objects together. Framework’s metamodel concept is described in more
detail later in this review.

As well as using the relationships defined in the tool folder to link objects together,
Framework also has a box connect tool, which allows a number of objects to be
connected by dragging a rubber-band box around them and linking them to the
relevant object. Framework also includes a line connect tool, which performs a similar
function for individual objects. When using the box connect or line connect tools, the
modeller can select the most relevant, legal association between the selected objects
from a pop-up menu, rather than using the specific relationship that has been hard-
coded into the relationship icon in the tool folder. While this is a powerful feature, and
one that gives the modeller considerable flexibility in the development of models, the
pop-up menus are often not wide enough to display the complete relationship name.
Since the menu can’t be horizontally scrolled, it difficult, sometimes impossible, to
select the needed relationship from the pop-up menu.

Framework provides little support to aid the model drawing activity. Model
developers must layout and organise their own models by hand. The only
sophistication in the drawing interface is the support for bending lines at user selected
anchor points, and anchoring the ends of lines to icons, so the lines move when the
icon is moved.

While Framework allows the icons used to represent objects to be changed or new
icons added, the process of changing or adding icon graphics is frustrating. Graphics
added to Framework need to be in Windows Meta File (WMF) format or Windows Bit
Map (BMP) format. Graphics are then dragged in to a special clip-art folder. Once in a




DSTO-TR-1139

saved clip art folder, the graphics can be assigned to entities and relationships. The
only place the graphic is associated with modelling entities or relationship is in the tool
folder. This is fine when drawing a model, but if you want to change a graphic after the
model has been developed, you need to change each instance of the entities and
relationships. One annoying property of Framework is that clipart is stored in a single
file, which is separate from any particular Knowledge Base. However, unless a clipart
folder is exported and imported, it is only visible in the Knowledge Base in which it
was created.

As well as representing models graphically, Framework also supports textual
interfaces called Forms. Forms are simple containers for a small collection of widgets,
including various list boxes, text boxes and tree controls, button and tab strip controls,
and a data access control, which allows data in the Knowledge Base to be accessed. The
form’s display fields can be mapped to almost all modelling elements, including an
object, the relationships between objects, and queries performed on an object. Forms
can also be used to create new objects and relationships. Forms can add textual
information to objects or relationships, and display the results of queries. As will be
described later, forms can also be customised, and support very simple VBA scripts.

Overall, Framework’s model drawing interface is a disappointment. It lacks the
sophistication and features expected in tool of this class, and price range.

4.1.3 Automation, Customisation and Analysis

Framework provides support for tool automation through its forms. As discussed
previously, forms are simple containers for a small collection of widgets, and can be
seen as acting as a textual view of the model. Forms are associated with objects,
relationships, or models. Forms in Framework include support for Visual Basic for
Applications (VBA), and Active X components. Using VBA and the data access control
provided with Framework, it is possible to build crude automation functions using
forms. However, since forms can only be related to model entities and relationships,
the scope of the functions that can be automated is limited. Also, since forms are
designed for interactive use, the user must still interact with the form performing the
automated function in some way; even if the user just needs to press the update button.

One of Framework’s interesting and powerful features is its ability to be customised
via its metamodelling facility. As discussed previously, metamodels are literally
models about models. They describe how a particular modelling approach will be
implemented, what objects exist within a model, and what relationships exist between
the various objects. Framework allows end-users to add new metamodels, or modify
and reuse part or all of the foundation metamodels supplied with Framework. While
the foundation metamodels can be reused, they cannot be modified or deleted in
anyway. This limits the utility of reusing the Framework foundation metamodels, since
obsolete relationships and object types are still accessible.

15
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Within Framework, developing metamodels is a straightforward process. Metamodels
are developed in the same way as any other model. The metamodel elements in the
form of objects and associations are dragged from the metamodel icon palette, and
assembled as a complete metamodel. Once the metamodel has been developed, a
unique icon palette (called a tool folder in Framework) can be built and associated with
the metamodel. Building the icon palette is simple. The elements of the metamodel to
appear on the icon palette, for example the various objects within the model, and the
relationships between them, are dragged (with the Control key held down) from the
metamodel diagram onto the new icon palette. Once added to the icon palette, the
graphical properties of the elements can be set. For, example, the icon to represent the
class can be modified, the style of line used in a relationship can be set, and so on.
These graphical properties influence how the elements appear when used to develop
specific models.

Once the metamodel, icon palette, and any relevant queries and forms have been
developed, they collectively form a modelling approach in Framework, and from the
user’s perspective, they can be selected and used like any other modelling approach
supported by Framework.

Framework provides the ability to lock user-developed models and metamodels into
independent, read only-knowledge base segments. For example, the Military
Information Architecture Accelerator (MIAA), which supports the development of
C4ISR AF products, is implemented as a knowledge base segment. This segment can be
added to any Framework knowledge base. Once added to the knowledge base, the
modelling approaches held in the segment become available to the user of the
knowledge base. End-users can define their own segments, making it simple to
distribute support for new modelling approaches.

Framework provides some support for integration with other software applications,
through its exporting and importing functions. Exporting data to other software
applications can be performed by Framework’s powerful Template Language. The
template language is a stack based, flexible reporting language, which allows almost
any data held in the knowledge base to be extracted, and written out to external files in
any text-based structure. The language’s syntax and structure is proprietary, and the
documentation provided by PTech Inc. provides little more than a reference guide and
some examples. The template language is extensively used by Framework to support
its own code generation features.

Importing data into Framework is not as flexible. Data, in the form of delimited text
files can be imported into Framework. However, the imported data must be structured
to match the model into which it is being imported. The data is only imported into the
knowledge base structures. As Framework doesn’t create a graphical model of the
imported data, this must be manually created by the user.
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Framework is shipped with a collection of analysis methods. These analysis methods
are tied to activity and process modelling, and resource modelling. For these modelling
approaches, Framework supports Capability Analysis, Capability Measurement,
Activity Based Costing, What-If analysis, and resource dependency assessments. The
analysis functions provided by Framework are not particularly sophisticated.
Generally, they involve adding considerable additional information into model
structures, with the analysis performed by the user, scanning the structure for specific
data, or lack of data. While the additional information is often needed to perform the
types of analysis supported, the tool seems to provide little help in analysing the data
in a meaningful way.

As well as the built-in analysis methods, Framework also has a powerful query and
reporting language, both of which can be used to perform analysis on models.
Framework’s queries are based on a visual, set based, query language. They allow
almost all the data held within the knowledge base to be accessed and manipulated.
Queries are associated with particular modelling objects or relationships, which they
use as the starting point for the query. The results of one query can be used as the input
to the next query, used as the data for a field on a form, or displayed in a temporary
window. Framework is supplied with a large collection of default generic queries, and
users can add their own queries. Framework’s template language, described
previously, can also be used to perform analysis functions. The template language
allows almost any element within the knowledge base to be accessed and manipulated,
with results written to external files.

Framework provides only limited support for automated model manipulation. In
Framework, it isn’t possible to automatically merge models (while it is possible to
import data into a model, which essentially merges two or more models together, the
user is still responsible for generating the model diagrams), or to deconstruct models in
any automated way. Framework does include the concept of hide levels, which allow
selected objects and relationships to be hidden or shown, depending on the hide level
the user elects. Hide levels need to be manually assigned to model elements, and it
doesn’t seem possible, for example, to assign a hide level to a particular meta-class.

4.1.4 Repository and Deployment Architecture

At the heart of Framework, as with most tools in this class, is the tool’s repository.
Within Framework, the repository is called the knowledge base. The knowledge base is
a proprietary, single user OO style database, which is very tightly coupled to the
Framework application. As a single user application, Framework provides no support
for concurrent users, and PTech Inc., is not intending to release a Client/Server version
of Framework within the short to medium term®. To facilitate collaboration within
Framework, Framework’s knowledge base supports the exporting and importing of

9 Telephone Conversation with Larry John, Government Account Manager, PTech Inc. 22nd of
April, 2001.
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parts of the knowledge base to other Framework users. When importing models from
one knowledge base to another, Framework performs simple deconfliction checking.

PTech Inc., will soon release an additional Framework product, the Knowledge
Server/Portal. The Knowledge Server/Portal is scheduled for release during the fourth
quarter of 2001. It is essentially a WWW server wrapper for the Framework Knowledge
Base. It allows the data to be dynamically accessed and manipulated via a WWW
browser. Initially only textual data will be able to be manipulated via the WWW
browser?,

4.1.5 Cost and Vendor Support

Framework is an expensive tool. Licences are around $US 7,000 per user. Site licences
are available by negotiation, and discounts for bulk purchase can be arranged.
Currently the Military Information Architecture Accelerator (MIAA) is available free
when purchasing Framework, or it can be purchased as an independent tool for
$US2,500 per licence. Some of this expense can be offset via the use of PTech’s Licence
Server. The Licence Server runs on a network server, and its role is to grant licences to,
and revoke licences from, Framework sessions running anywhere on the network. This
means, rather than having licences assigned permanently, floating licences are granted
as needed. This makes it easier to spread the use of Framework licenses and to make a
small number of licences available to a large number of casual users. Floating licences
cost 1.5 times the cost of an fixed licence. PTech Inc. also offers support agreements at
15% of the licences’ cost per year. The support agreements include free upgrades to the
product, and basic phone and e-mail technical support.

As well as developing and marketing Framework, PTech Inc.,, also offers
comprehensive architecture development and implementation consulting services.
PTech Inc., can offer consulting support for all stages of the architecture development
activity, ranging from the initial conceptualisation and design functions, through to the
building and analysis of the architectures. The costs of these services are available
from PTech Inc., and are generally decided on case-by-case bases. Currently PTech Inc.
doesn’t have an Australian representative, however they are seeking one, and have a
commitment to the Australian region?!.

41.6 Who Will Use Framework?

Framework is a comprehensive tool, and it is one of the few tools in this class to have
such a wide coverage. It provides support for high level organisational and business
modelling, right through to support for generating Java or C++ code to implement for
the various classes modelled. Framework can be extended to provide support for new

10 Telephone Conversation with Larry John, Government Account Manager, PTech Inc. 22nd of
April, 2001.
11 Telephone Conversation with Larry John, Government Account Manager, PTech Inc. 22nd of
April, 2001.
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modelling approaches, and is one of the few tools to provide support for C4ISR
Architecture Framework.

Given Framework’s comprehensive coverage, as well as its ability to be customised
and extended, Framework would be useful to capability developers, operational
planners, and architecture researchers. For capability developers, Framework would
provide the ability to capture and manipulate architectures. For operational planners,
Frameworks query and template language would provide a means of extracting and
analysing data. For architecture researchers, Frameworks ability to be extended and
customised would provide them with a tool to support the exploration of architectures.

However, Framework’s biggest failing for these three user communities is its lack of
support for concurrent multi-users. While it is possible for Framework to support
multiple modellers working together, through its model import and export facilities,
this adds an additional administrative overhead to the modelling process.
Framework’s extreme flexibility, while useful for some user groups, may be too flexible
for other user groups, resulting in confused and badly structured models.

4.1.7 Overall Impression of Framework

Framework is a comprehensive application, capable of supporting a wide range of
different architecture communities. Framework provides support for many of the
applicable enterprise and business modelling approaches, as well as modelling
approaches to support application development. Framework is also one of the few
tools to provide support for C4ISR Architecture Framework. Framework is also
customisable, so it can be modified and extended to support new methodologies and
modelling approaches. Its query and reporting features provide the user with tools for
analysing the models.

Framework’s modelling development interface is not at the standard expected of tools
in this domain, and the poor integration between the graphical representation of
models and their knowledge base representation means Framework isn’t able to
provide any kind of sophisticated support to the model drawing activity, nor to
automatically generate diagrams from data or queries performed on the data.

4.2 Computas AS’s METIS

Computas AS's METIS is described as a powerful visual modelling tool that helps you use
complex enterprise knowledge to answer critical questions and solve business problems?2.
METIS is methodology neutral, and is flexible enough to support any modelling or
architecture approach. METIS's key focus is on representing and visualizing the
architecture, and as a result, METIS has a powerful model development interface.
METIS can also be integrated with third party tools through its import/export wizard.

12 METIS Help File Version 3.0.2.
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As well as the METIS modelling engine, Computas AS also ship a WWW browser add-
in, the METIS Model Browser, which allows the models developed in METIS to be
accessed via the WWW.

The version of METIS described in this review was version is 3.0.2. The next version of
METIS, version 3.1, is currently in Beta testing, and is targeted for release at the end of
March 2001.

METIS is only available for Microsoft Windows (Win95, Win98, WinNT, and Win2000).
METIS is shipped on a CD, and installing METIS is a simple and straightforward
process. One of the unique features of METIS is that it is based entirely on XML
(eXtended Markup Language). XML is used to represent the metamodels (called
templates in METIS) as well as the user-developed models. Rather than having a
single repository file, METIS includes several directories of XML files containing the
descriptions for the various objects, relationships and icons (symbols) used by the
default METIS metamodels.

Almost all the METIS documentation is in electronic format, apart from a lightweight
Getting Stated Guide. Computas AS provides most of the METIS documentation in
Windows Help File Format, and several PDF format documents. Overall, the
documentation is well written and clear. However, Computas AS don’t provide any
documentation on the more advanced features of METIS, for example developing
metamodels. Documentation on these features is only available via a Computas AS
training program. As well as the electronic documentation, METIS is also shipped with
an excellent Computer Based Training (CBT) tutorial. The tutorial includes about 30
minutes of ‘screen cams’ with high quality narrations, as well as summary and review
pages. However, the CBT tutorial only covers the basic features of METIS.

4.2.1 Supported Methodologies and Models

The only modelling approach shipped with METIS is the GEM (Generic Enterprise
Model) framework. GEM is an interesting, Zachman-like framework for modelling
many different elements of an enterprise. Computas AS, have several other modelling
approaches available, including IT management, systems engineering, project
management and product management. These additional modelling approaches are
available from Computas AS at an additional cost.

The standard GEM framework is flexible enough to capture the essence of many other
more specific modelling approaches. GEM is organised into 15 different domains, with
each domain containing a collection of objects, relationships and criteria (or search
filters) aimed at modelling part of the enterprise. The objects contained within the
different domains can be related to each other, resulting in a detailed, multi-faceted
view of an enterprise. The details of the framework are discussed in more detail in
Appendix C.
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4.2.2 Model Developers Interface

METIS's Model Development Interface is the tool’s most powerful asset. The interface
is intelligently designed, mature and includes many useful and unique features. The
layout, as shown by the screen shot below, includes a navigation area, called the tool
tree by METIS, on the left side of the screen, and a model diagramming area, called the
editor space by METIS, on the right. METIS makes extensive use of tabs along the
bottom of the tree tool, and the editor space. The tabs are used to switch between
different views of the tree tool and different views within the editor space. Along the
top of the METIS screen are the various contextual tool bars and drop-down menus.

Overall, the METIS model development interface follows most of Microsoft’s Windows
95, 2000 and NT 4.0 GUI conventions.
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Figure 2. Computas AS’s METIS, showzng a GEM based model.

The tree tool (the left of the METIS screen) functions as the key navigation tool, and as
the tool palette, and icon storage area. The tree tool can be switched between six
different views, each associated with a specific tab running across the bottom of the
tree tool. The File Tab (not shown in Figure 2) displays the computer’s file hierarchy,
and is a convenient way to find the various data files created by METIS. The Domain
Tab is essentially the tool palette. It contains the various objects, relationships, methods
and criteria made available by the metamodel being used. The Object Tab holds a list of
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all the objects available in the currently loaded, and previously loaded models. The
View Tab displays all the objects in the current model view. The Symbol Tab holds the
various icons and graphics currently loaded. Within this view of the tree tool, existing
icons and graphics can be modified and new icons and graphics created. The Loaded
Tab (not shown in Figure 2) displays and provides access to all elements have been
loaded by METIS. This will include the objects, relationships, icons, and so on.

The METIS modelling interface is built on the concept of a view. A view is the
graphical representation of the model. The view may be the complete model, or it may
be only part of the model. One model can be spread across several views. The different
views of the model generally can be navigated by the tabs running along the bottom of
the editor space, shown on the right of the METIS window. As will be described later
in this review, views can be automatically generated as a result of a search function, by
importing data into METIS.

Building models in METIS is straightforward. The various modelling objects are
dragged from the domain view of the tree tool, and dropped into the editor space.
Objects can be dragged and dropped onto each other to activate the default
relationships. Other relationships between objects can be dragged from the tree tool to
the various combinations of objects in the editor space. METIS enforces the rules of the
metamodel, only allowing legal relationships between objects.

Unlike many tools in this class, the icons used to represent the modelling objects are
not just simple static icons, but complex interactive elements. Icons within METIS can
function as containers or as the parent of hierarchically decomposed objects.
Conceptually, container objects contain other objects. For example, the four yellow
folders shown above in Figure 2 are container objects that contain four different
detailed model representations. Container objects can be visually opened and closed,
hiding or exposing the models they contain. The type of container objects supported by
METIS depends on the modelling approach being supported. For example, when
developing a process model using the GEM metamodel, a process is a container object.
Sub-processes can be contained within the top-level process object. The top-level
process object can be opened and closed, hiding or showing its sub processes. This is a
very powerful, visual way of dealing with the complexity of large models. As well as
the concept of a container, the METIS modelling interface also includes the concept of a
hierarchy. As with the concept of a container, a hierarchy can be used to hide or show
its child elements. For example, the organisational decomposition, contained in the top
left container, in Figure 2, is a hierarchy object. Closing a hierarchy object, will remove
its child elements from the view. Opening a hierarchy element will show its child
elements.

In addition to their graphical representation, each object within METIS also has a
textual view. The textual view generally holds various additional properties of the
object, for example, its name, description, and any other text fields relevant to the
object. The textual view of the object also includes a dynamic list of the various
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relationships in which the object participates. These links can be navigated, and at the
end of the links display the text view of the object.

One of the more interesting interface features of METIS Model Development Interface
is its automatic diagram layout function. The automatic diagram layout function will
automatically redraw a model diagram, optimising its layout based on the layout
strategy used. METIS supports two types of layout strategies; matrix and hierarchical,
each optimised for particular model layouts. Different strategies can be applied to
different parts of the same model. Most of the properties of the existing layout
strategies can be modified, so the layout strategy can be customised for particular
model types, by the end-user.

The icons (called symbols in METIS) used to represent the modelling objects and
relationships within METIS can be fully customised. METIS's icons are Scalable Vector
Graphics (SVG) format, and METIS includes its own icon editor to create and modify
icons. Most popular graphical formats including Bit Map (BMP) and JPEG (JPG) and
Windows Meta-Files (WMF), can be imported into METIS icon editor, and used as
METIS icons.

Another powerful, and unique feature of METIS, is the ability to have icons,
representing various modelling objects and relationships, change depending on the
state, or the value of properties, of the objects they represent. Icons representing
complex structures, for example containers, or hierarchies, can be visually opened and
closed, with different icons used to represent the open and closed state of the object.
The individual elements that make up icons (the text, graphics, colours, and so on) can
change their state depending on the values of the underlying object’s properties. For
example, it is possible for the background of an icon to turn red to show incomplete
data, and to turn green when the data is complete.

The METIS model development interface also includes the ability to zoom in and out of
the model. The ability to zoom in and out of a model is a useful, visual way of
navigating a large and complex model. Within METIS the model can be globally
zoomed, zoomed to a selection -- so that a selected part of the model is optimally sized,
zoomed to text -- so that the model is re-sized so the text is readable, and zoomed to
the primary object - which re-sizes the model so a key object, a container or parent of a
hierarchy is visible.

In addition to zooming METIS also includes browse and fly through modes for viewing a
model. The browse mode is a powerful and sophisticated way of navigating through a
model. Within browse mode, clicking-on any model object will bring it into view.
Zooming out of that object will return to the previous view. The mouse can be used to
move the model within the editor space. The browse mode is ideal for navigating or
demonstrating large and complex models. Similar to browse mode is fly through
mode. Fly through mode allows the user to easily pan and zoom in and out of the
model, allowing quick, seamless navigation within a model.
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4.2.3 Automation, Customisation and Analysis

METIS provides some automation, especially in the area of automatic model
generation. Models can be generated from imported data (described later), or via
searches on existing model data. As discussed previously, METIS uses the concept of a
model view, which is a graphical representation of the model. In METIS, new model
views can be generated as a result of a search function. METIS includes standard
search functions, as well as search functions tied to specific metamodels. New search
functions can be added by the user; very complex search functions can be built from a
simple set of primitives using a simple visual interface. When the search function is
executed, METIS will build a new view based on the results of the search function.
Depending on the search function executed, the new model view may be a simple
collection of object, or a complete sub-section of the model.

The Action Button object within METIS can be used to provide some limited form of
automation. The Action button is a graphical device which can be placed on a model,
and assigned to any one of a number of different activities; for example opening a
document, or zooming to a particular object, executing a search function, or executing a
METIS menu command, and so on.

METIS can be integrated with other applications through its import/export functions.
METIS is able to import and export data in Comma Separated Value (CSV) format. The
importing and exporting of data is governed by a CSV rules. When importing data into
METIS, the CSV rules describe the relationship between the different data elements, the
metamodel objects they map to, and so on. When exporting data the CSV rules
describe what data will be exported, and how it will be ordered in the CSV file.
Computas AS provided the CSV Rule Wizard to help with the development of CSV
rules.

As well as supporting the modelling approaches provided by Computas AS, METIS
also provides support for the development of metamodels (called templates within
METIS) which allows METIS to be customised to potentially support any modelling or
architecture approach. Within METIS, metamodels include not only descriptions of the
objects and the relationships between them, but also descriptions of the different icons
(called symbols within METIS) used to represent the objects and relationships, and the
search criteria relevant to the objects within the metamodels. (Search criteria, and how
they are used within METIS will be described later in this review). The metamodel
development function of METIS was not examined in this review, because the
documentation and tools needed to perform metamodel development were not made
available by Computas AS.
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4.24 Repository and Deployment Architecture

As discussed previously, METIS is based on XML, both the models developed by the
user and the metamodels (or templates) are represented in XML. As a result, METIS
doesn’t have a single repository, but stores all the different objects, relationships, and
symbols used in the metamodels, as a very large collection of individual files. The
models generated by the user are stored in a single file (one for each model), with the
symbols, search functions, and the like, stored as separate files. METIS doesn’t support
any repository functions, such as versioning/change control, access control and so on.

METIS is also a single user tool. It provides no support for multiple users, and unlike
some other single user tools in this class, provides no direct way of supporting
modelling in team environment.

While interactive collaboration is not possible within METIS, it is easy to distribute
read-only versions of the models developed in METIS over the WWW. The METIS
Model Browser is a Web Browser plug-in, and provides a powerful method for
viewing and navigating METIS models. The WWW version is able to keep many of the
same navigation devices as the standard version of METIS, and allows the models to be
viewed and navigated graphically or via their textual interfaces. The structure and
organisation used by the METIS Model Browser is very similar to that used by
standard METIS. However, the METIS Model Browser is read only, the models cannot
be changed or modified via the METIS Model Browser.

425 Costand Vendor Support

Compared to many tools in this class, METIS (including the GEM metamodel) is in the
medium price range, at $US 4,900 per licence. Volume discounts (ranging from 5% to
30%) are available. Annual maintenance per licence starts at $US882. Additional
metamodel sets are available at $US2,500 each, with volume discounts available.
Annual maintenance per metamodel set starts at $US400 per metamodel licence. The
METIS Model Browser starts at $US25 per user, with volume discounts of up to 30%
available. All training courses cost $US5,000 plus instructor travel and expenses,
courses are limited to 10 students. Computas AS provides the majority of its support
via telephone and e-mail, as well as site visits by Computas AS representatives.
Computas AS doesn’t have an Australian representative, and the company is split
between the US and Norway, with its development centre based in Norway, and its
sales and marketing office is based the US.

4.2.6 Who Will Use METIS?

METIS is a flexible, sophisticated and mature tool, which would be well suited to all
three user communities. Capability developers and operational planners would find
METIS an idea tool for capturing, representing and manipulating complex defence
architecture. METIS's Extendability would mean it is able to support any standard or
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customised architecture approach. METIS’ ability to generate new models based on the
powerful search functions, would allow the two groups to easily manipulate the
architecture they develop. However, METIS' lack of sophisticated architecture analysis
and reporting functions may limit METIS’ utility for these groups, making it difficult to
extract data from METIS, or to perform any kind of analysis on the data directly in
METIS. For Architecture researchers, the METIS expressive metamodelling language,
and its complete flexibility would provide an ideal tool for exploring architecture
concepts and constructs.

However, like many tools in this class, METIS current single-user focus is a major
drawback for all three groups. It would be difficult to use METIS in a fully
collaborative setting.

4.2.7 Overall Impression of METIS

Overall, METIS is a sophisticated, stable and mature product. The model development
interface is the best seen in this class of tool, providing some powerful and unique
visual tools to capture complex architectures, including the ability to open and close
objects, as well as the useful zoom, browse and fly through methods of viewing
architectures. METIS's metamodelling approach seems to provide full flexibility.

However, METIS lacks of any kind of sophisticated architecture analysis tools. While it
is possible to export data out of METIS into third-party analysis tools, this adds an
extra level of complexity to analysing architectures. METIS’ lack of any kind of central
repository would make it extremely difficult to use METIS in a fully collaborative way,
also the lack of central repository, and reliance on XML as the method for representing
models and metamodels may impact on how well METIS can scale for very large and
highly complex defence architectures.

4.3 Popkin Software’s System Architect 2001

Popkin Software describes System Architect as a comprehensive and powerful modelling
solution designed to provide all of the tools necessary for development of successful enterprise
systems13. System Architect is a single tool that supports a variety of modelling
approaches, the majority of which were designed to support the development of
software. System Architect exists as a single user, and as a multi-user tool. Overall,
System Architect is an easy to use and comprehensive Architecture/CASE tool.
However, System Architect isn't very flexible or extendable, and users have limited
ability to customise the tool or methodologies.

A single user, evaluation copy of System Architect was obtained on CD from Popkin
Software. System Architect was easy to install. The evaluation copy didn’t come with
any hard-copy documentation, but did include a detailed, online, tour of the product.

13 Popkin Software WWW Site: http:/ / www.popkin.com.
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The tour demonstrated how to create business, logical, physical and UML models. The
online documentation covered all of the basic functions of System Architect, as well as
describing some of the more advanced features such as reverse code engineering and
reporting facilities. Overall, the online help was very useful and well written.
However, some of the screen shots included in the help file didn’t match the actual
product, and some of the commands and options described in the documentation were
not accessible in the evaluation version.

4.3.1 Supported Methodologies and Models

System Architect supports a number of modelling approaches, all of which were
accessible on the trial version of the software. There is a distinct software development
focus, with support for both object orientated modelling (UML, OMT, Coad/Yourdon,
Booch 94 and Shlaer/Mellor) and structured analysis and design (Gane & Sarson,
Ward & Mellor, Yourdon/De Marco, SSADM IV and Information Engineering). There
is also limited support for business modelling, primarily through the support of IDEF
standard modelling approaches. The modelling approaches supported by System
Architect can’t be modified by the end-users. The review examined the business,
logical, physical and UML (version 1.1) modelling approaches.

Overall, System Architect implemented the various modelling approaches well. Each
of the methodologies has been augmented with object descriptions that are focused
around System Architect’s code generation facilities. System Architect also provides
some support to allow a user to switch between different modelling approaches, for
example switching between a Gane & Sarson modelling approach and a Yourdon/De
Marco modelling approach. However, it seems that the modelling approaches have
been limited or slightly modified to enable the conversions between the different
modelling approaches. In addition, the changes in methodology won’t actually take
effect until System Architect has been shut down and restarted. Once restarted, the tool
bars and drawing options, as well as the model will be changed to reflect the new

modelling approach.

4.3.2 Model Developers Interface

System Architect’s model development interface, shown below in Figure 3, is divided
into four main areas, the toolbar and menus along the top of the screen, the main
browse window in the top left of the screen, the browse detail in the bottom left of the
screen with the main work area on the right of the screen. The toolbars and menus
along the top of the screen are typical for a Microsoft Window’s application. The tool
bars change with the current methodology, as do the drawing options that are offered
in the draw menu.
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Figure 3. Popkin Software’s System Architect, showing a simple process model.

The main browse window, in the top left of the screen, allows users to easily alternate
between diagrams stored in the repository (called the encyclopaedia in System
Architect). The browse window includes several tabs running along the bottom. These
tabs hold different views of the browse window, for example, the All tab (opened in
Figure 3) shows all the diagrams in the repository and all of the definitions relating to
the currently selected methodology. The various other tabs perform similar functions.

The browse detail area, in the bottom left, holds a thumbnail view of the entire model.
If the diagram is larger than the visible work area, the thumbnail view allows users to
get a view of the whole diagram. This is a unique and very useful feature of System
Architect.

The last area in this interface is the work area, the right side of the System Architect
screen. The work area can be easily resized and scrolled. Unlike many of the other tools
evaluated, there are no tabs at the bottom of the work area to allow switching between
different opened diagrams.

Creating models in System Architect is similar to most other tools in this class. Objects
are selected from icons in the draw menu, or the relevant tool bar with the mouse. The
objects are located on the work area by clicking the mouse in the desired location in the
work area. Multiple objects, of the same type, can be created by using the standard cut
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and paste functions. Relationships between objects are added by clicking on the
association type and drawing a line between the two objects. Users are also able to
define an object once and then use it in multiple diagrams. The amount of information
that is displayed on the model can be changed easily, for example hiding the attributes
in a class diagram.

The icons used to represent the various objects and relationships can’t be replaced with
custom clip-art. However, superficial changes, such as the size and colour of the objects
can be made.

While there isn’t an automatic layout feature, it is relatively easy to move the objects
around in the diagram. The user manual proposes that it is also possible to hard code
the positions of the objects within these diagrams.

System Architect’s interface conforms to most of the Microsoft Windows GUI
standards and guidelines. The layout of the interface is easily modifiable by moving
the toolbars and resizing or moving windows.

4.3.3 Automation, Customisation and Analysis

System Architect includes two key automation features, macros and reverse
engineering. System Architect supports the creation of macros in Visual Basic for
Applications (VBA). However, due to time constraints, it was not possible to fully
review this feature. System Architect also provides the ability to forward and engineer
databases from models created in System Architect, as well as reverse engineering data
models from existing database definitions. This feature is more tailored towards
software developers than to enterprise architects. It is also possible to export
information from System Architect into a database. System Architect can also be used
to reverse engineer structures from C++ and Java into appropriate models.

According to the supplied documentation, it is possible to import graphics, as Bitmap
(BMP) or Windows Metafile (WMF) format, into System Architect. The graphics can
then be incorporated into the models and can be assigned specific properties.
Unfortunately, this feature did not work in the evaluation version tested.

System Architect's CASE tool roots mean it has a full featured and powerful code
generation facility. Code for a large variety of languages, can be generated from the
models developed in System Architect. Currently, System Architect supports C++,
Java, Visual Basic, CORBA IDL, Smalltalk, Delphi Object Pascal, Power Builder Power
Script, Java Script, HTML and VB Round trip. It is also possible to customise the code
generation feature, using VB Scripts, for any other languages, or file format. As well as
code generation, System Architect also supports reverse engineering of C++ and Java
files. Once reversed engineered into models, the code and the models can be kept in
sync, so a change in one, is reflected in the other. '

29




DSTO-TR-1139

30

System Architect’s reporting and querying facilities are potentially very useful to
software developers, but likely to be less useful to enterprise architects. However, the
reporting and querying facilities weren’t included in the evaluation version reviewed
here. The help file outlines some of the reports that can be made in System Architect.
They include reports that outline class associations, a report that outlines which objects
are connected to specific classes and a complete listing of the objects and associations
and what diagrams they are represented in. The reporting facility can also be used to
check for errors within diagrams such as orphans and unconnected objects. A user of
an earlier version of System Architect stated that whilst System Architect boasts an
extensive reporting facility it would often fail to print all the information in the reports.
For example, not all of a class’s attributes would be included within a report. System
Architect also allows users to test and modify a collaboration diagram by using queries
generated within System Architect. It is also possible to query information that is
stored in the database; the results of these queries can be reported in a Word format.

4.3.4 Repository and Deployment Architecture

System Architect exists as both a single user/stand-alone product, as well as a multi-
user/network enabled product. When operating System Architect over a network each
user has a unique repository (called an encyclopaedia), as well as having access to the
group repository. The user’s unique repository holds their local diagrams, and local
changes, while the group repository holds the definitive, shared version of the models.
Users are able to make changes to local diagrams in their repository. These changes can
then be posted to the group repository, and used to update the definitive shared
version of the model. Only one user is able to update models in the group repository at
a one time, but multiple users can access the group repository while an update is
occurring.

System Architect has several security and version control features that can be utilised
when running over a network. The security mechanisms include a locking feature that
can be used to bar access to certain repositories or to prevent users from modifying
these repositories. The version control mechanisms that are included give users the
ability to roll back and roll forward between different versions.

System Architect makes use of third party databases as its repository. Currently,
System Architect is able to support the following databases: AS400, DB2, dBase,
INFORMIX, Ingress, InterBase, Microsoft Access, ORACLE, OS/2, Paradox, Progress,
RDB, SQL Anywhere, SQL Sever, SQL Base, SYBASE Adaptive Server Anywhere,
Sybase Adaptive Sever Enterprise, Teradata, WATCOM, and XDB.

4.3.5 Cost and Vendor Support

System Architect is a reasonably priced tool. Single licences are $US 3,747.50, with the
network version of System Architect able to support a floating licence policy.
SASimulation, a useful add-on to System Architect, that lets its users run simulations
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on any changes that they may wish to make to their model, costs $US 818 per license.
Annual updates and support for System Architect cost $US 637.50 per licence per
annum and the SASimulation Annual update/support is $US 145.50 per annum. These
update and support agreement entitle subscribers to phone support, and free updates
and bug fixes. Australian based training opportunities for System Architect 2001 are
currently being developed.

4.3.6 Who Will Use System Architect?

System Architect is a sophisticated and powerful CASE tool, which has continued to
develop support for enterprise modelling. Its current incarnation, System Architect
2001, has continued that trend, by supporting process and information modelling.

However, System Architect is still not a flexible tool and consequently would not be
suitable for architecture researchers or operational planners. While process and
information modelling is supported by System Architect, defence modelling
approaches, such as C4ISR architecture framework are not. Overall, System Architect is
only suitable for application developers, although some capability developers,
particularly those involved in developing and acquiring software systems, may find it
useful.

4.3.7 Overall impressions of System Architect

System Architect is a sophisticated modelling tool. It has an intelligent, logical model
development interface that can be tailored by an individual model developer. It also
supports a wide variety of modelling approaches, the majority of which are related to
software development. System Architect supports code generations and reverse and
forward engineering to and from databases. The add-on SASimulation provides
Systems Architect with the ability to simulate any desired changes to models.

However, System Architect is an inflexible tool, that can’t be extended by end-users to
provide support for new modelling approaches. While System Architect is a useful tool
for the development of software, its enterprise focus is still too limited for any defence
architecture development effort.

4.4 Proforma Corp.’s ProVision

ProVision is designed to help companies visualize, understand and improve their business
processes's. ProVision consists of a suite of tools to model, analyse, and communicate
the business processes, supporting processes and supporting technological systems.
The tool suite supports a variety of modelling paradigms, including user-defined
approaches through variations to a standard set of model types. Modelling rules are

14 Proforma WWW Site: http:/ /www.proformacorp.com.
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strictly enforced, ensuring consistency, but limiting flexibility. ProVision’s interface is
easy to use, but has few options for customisation.

The ProVision suite of tools may be thought of as a main product with a series of add-
ons. There are two variants to the main product - BusinessPro and EnterprisePro.
BusinessPro provides support for defining business objectives, processes and
organisational structure. EnterprisePro includes all the functions of BusinessPro, as
well as adding support for modelling software applications.

Proforma Corp provide a number of add-on packages for both versions of ProVision
and these add-ons include:

e AnalyserPro -- an analysis tool;

e BOSS -- a multi-user repository;

* WebVision -- which provides read-only web access to live ProVision repositories;

* JDE Exchange -- which provides ] D Edwards Solution Modeller in ProVision and
allows information to be exchanged with their One World software;

¢ Data Exchange -- which allows information to be exchanged with Visio, Rational
Rose, ERWin, MS Project, C++ and DLL files; and

* Pro Guide -- a set of best practice models.

The more comprehensive EnterprisePro was evaluated in this review. EnterprisePro is
a stand-alone, single user product. However, with the addition of the BOSS repository
management add-on, EnterprisePro can become a network based multi-user tool.
Installation of EnterprisePro was straightforward after the software had been
downloaded from the ProVision website. The computer needed to be restarted once to
complete the installation. In contrast, installation directly from Proforma Corp’s
website was not successful, as there were errors finding the correct files.

The online documentation provided with the evaluation copy of EnterprisePro was
generally quite good. It included two Guided Tours ~ a longer version, and a shorter
version called QuickStart - a Glossary, a Help File, and a Tip of the Day feature. The
longer Guided Tour was a useful introduction to EnterprisePro and was generally easy
to follow. However, there were some discrepancies between the tour and the product,
and some concepts and icons were not introduced before they were used. For example,
the Guided Tour asked you to select a specific organisation, without saying what an
organization looked like. In most cases, this did not cause any difficulty either because
there were limited options or because the icons conformed to MS Windows standards.
However, we did have some difficulties with the auto-layout feature because of
discrepancies between the documented and actual behaviour of the tool.

4.4.1 Supported Methodologies and Models

ProVision provides support for generating models using several modelling approaches
including; Booch, Coad, Core, Information Engineering, ] D Edwards, Jacobson Use
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Case, Martin/Odell, Object Thinking, OMT, Rummler/Brache, Shlaer/Mellor and
UML.

Unlike most other tools in this class, all models in ProVision are variants of one of 15
standard model types. The different modelling approaches supported by ProVision are
implemented as variations of one of the standard modelling types. By default, all
models developed in ProVision are developed in one of the standard 15 modelling
types. The enforced mapping to the 15 standard modelling types imposes a rigid set of
modelling constructs and rules, and also constrains the types of models that can be
developed in ProVision. For example, several entities, such as Locations, can only be
organised hierarchically. This makes it impossible to express some relationships; such
as an island is part of both NSW and the Great Barrier Reef. Trying to add a new parent
relationship removes the existing relationship. This enforcement of conceptual
integrity of the models is very useful when ProVision’s modelling constructs match
yours, but otherwise limits the applicability of ProVision.

Because all the modelling approaches supported by ProVision are simply variants of
the 15 standard modelling types, it is simple to switch between different modelling
approaches by simply selecting the desired modelling approach. Once the desired
approach is selected, the diagram and the toolbars will change to reflect the new
modelling approach. This approach makes it easy to change the modelling approach
used to represent a model, but it also means that some of the subtle variations between
methodologies, and features common in other modelling tools, may be omitted. For
example, there is only limited control over the visibility of attributes and operations in
UML class diagrams. The visibility of the attributes and operations is determined at the
object, rather than the diagram level. Furthermore, there is no concept of private
attributes and operations that can be hidden while public attributes and operations
remain visible.

4.4.2 Model Developers Interface

The Development Interface, shown in Figure 4, is similar to most other tools in this
class. The Development Interface consisted of a navigation area (to the left), and
drawing area (to the right), as well as a set of toolbars for creating, formatting, and
manipulating the diagrams running along the tops and sides of the window. The
navigation area consists of two areas -- a view of the projects in the repository, and a
view of the models for the current project. The organisation of the models in a project
was a little confusing. Five views were available - a project view, a model view, a
nested model view, an object view and a scenario view. This made it easy to find the
diagrams once you were familiar with the five areas. Tabs were very useful in the
drawing area, where they are used to quickly switch between different models.

One unusual feature was that default positions of toolbars specific to a diagram type
often appeared to the right of, or the bottom of, the drawing window (as in shown
Figure 4). This tends to retain a reasonable sized drawing area, but it is confusing and
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difficult to find the toolbars until you are familiar with the product. However, it is
simple to move the toolbars if desired.
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Figure 4. Proforma’s ProVision, showing a simple UML diagram.

In general, ProVision was easy to use and followed the Microsoft Windows GUI
standards. The standard toolbars had a similar look and feel to those used in Microsoft
Windows products, and common features such as cut and paste, used standard icons
and shortcuts.

Models are developed using a point-and-click approach. Objects or relationships are
simply selected from the tool bar and positioned on the drawing area. When adding
objects, it is possible to refer to existing entities or to create multiple new entities.
Simple textual information, for example the object’s name or description, can be also
associated with each object and relationship.

New models are created by opening the appropriate modeller, or by extending existing
models. ProVision has a good approach to model development. Unlike many other
tools in this class, which are driven by specific diagrams, ProVision allows custom
views of a model to be quickly created. Relationships created in one model can be
viewed in another, related model. Once created, relationships can be hidden with a
click of a button, or viewed by clicking on one of the grey buttons associated with an
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icon (see Document Set in Figure 4). When viewed this way, the relationships will either
be added to the existing diagram, or a new diagram will be opened if the relationships
are associated with a different type of model. The display of relationships is
independent of where the relationships were created.

Some of ProVision's initial displays are poor aesthetically. However, it is easy to
rearrange the diagrams manually, or using the auto-layout facilities. The auto-layout
facilities can rearrange the layout of the entities and relationships, or just the layout of
the relationships. However, it is impossible to fix some relationships while rearranging
others.

Generally, the creation and manipulation of diagrams in ProVision is relatively easy
and straightforward. However, there are some inconsistencies. For example, auto-
resize will only increase the size of an icon, and will continue to increase the size of an
oversized icon; undo only applies to certain operations; and the menu items each
appear five times in text formatting window. Another annoyance is that sometimes the
behaviour of a tool is context dependent - in an unexpected way. For example,
sometimes auto-redraw will only do a complete redraw.

One limitation of EnterprisePro is that the primary interface with the knowledge base
is visual, and linked to the standard model types. Relationships are only visible in
certain types of models, and often the display of relationships is only linked to certain
objects. For example, workflow diagrams are associated with processes and it is
impossible to quickly determine which organisations conduct an activity, and what
activities are conducted by an organisation.

4.4.3 Automation, Customisation and Analysis

The format of entities, both textually and graphically is easy to change either for an
individual entity, or for a modelling approach. Using your own graphics may be
problematic, as the review team was unable to successfully import graphics into
ProVision. It is also possible to check the spelling of entity names etc. However, while
multiple dictionaries are supported, multiple languages are not.

ProVision also provides some simple facilities for checking your models. Standard
checks include checks for: orphans, missing descriptions, unused objects, hidden
objects, component objects, missing properties, missing custom properties, and
incomplete links. EnterprisePro also allows two projects to be compared. Additional
analysis facilities are available with AnalyserPro. However, due to time constraints
AnalyserPro was not reviewed.

ProVision provides some facilities for exporting and importing data. Data can be
exchanged (statically) between EnterprisePro and MS Access. Furthermore, reports can
be written in Access and run from within EnterprisePro. This may make it possible to
- perform additional analysis in MS Access. Additional facilities for importing and
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exporting data require the Proforma Corp’s add-ons, JDE Exchange and/or Data
Exchange.

4.4.4 Repository and Deployment Architecture

Both the BusinessPro and EnterprisePro versions of ProVision are single user, stand-
alone, products. Both versions make use of a proprietary, single user repository, which
is tightly coupled to the application.

Proforma Corp. offer an extension to ProVision, called the Business Objects Server
Solution (BOSS). The BOSS adds concurrent, multi-user features to ProVision, and
allows ProVision models to be shared among team members. The BOSS also supports a
“heck-in/check-out locking protocol, which enforces concurrency protection at the
object level. The BOSS also includes basic account administration, and configurable
user permissions.

445 Costand Vendor Support

ProVision is an expensive tool suite. While the basic versions BusinessPro and
EnterprisePro are relatively cheap, retailing for $US 1,995 and $US 2,995 respectively,
they only provide limited functionality. The multi-user repository retails for
$US 25,0000, and AnalyserPro retails for $US 995, as do Data Exchange licences - one
licence is required for each of Visio, ERWin, MS Project, Rose, and C++. WebVision
prices depend on the number of users, with the minimum cost being $US 20,000 per
annum, for up to 50 users per day. Bulk purchase discounts are available.

ProVision has no distributors in Australia, but have existing users in Australia and
New Zealand. Support is provided via email to their head office in Detroit, and
through an on-line database of problems and solutions. Upgrades are available on-line.
Training and mentoring are available for $US 2,500 and $US 1,500 per day respectively;
expenses are extra. Training is available for groups of up to 12 students onsite or in the
USA.

4.4.6 Who Will Use ProVision?

ProVision is suitable for users that want to implement standard modelling approaches.
ProVision and the US DoD are investigating changes to support the C4ISR AF. They
believe that little change is required. Since the C4ISR AF was designed to support
C4ISR development, ProVision might be suitable for Capability Developers. However,
the C4ISR AF has only limited applicability to operational planning, so ProVision
might not offer the flexibility required by Operational Planner, and Architecture
Researchers would be constrained by ProVision’s tight modelling regime.

All Defence users would want at least EnterprisePro and AnalysisPro, and serious use
by Capability Developers and Operational Planners would require at least the multi-
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user repository, BOSS, and WebVision. Additional Data Exchange licences would also
be desirable, to enable existing data sources to be utilised, although data could be
imported to ProVision via MS Access.

44.7 Overall Impressions of ProVision

ProVision is a reasonable basic suite of modelling tools. Once you get used to its
navigation system and tool bars, it is easy to create impressive diagrams using the
auto-layout features. ProVision supports a range of modelling paradigms, based on a
standard set of model types. These standards capture a set of modelling rules that are
strictly enforced. Unfortunately, there are no facilities in ProVision to change these
modelling rules, so ProVision has limited applicability. In the future, ProVision may be
of some use within Defence if they choose to support the C4ISR AF. This may be
appealing as the basic ProVision tools are cheap. However, a series of expensive add-
ons are required for ProVision to be a practical alternative for the analysis and
distribution of Defence architectures.

4.5 Logicon Inc.’s JCAPS

This review of JCAPS was based only on information provided to the review team by Logicon
Inc.

The Joint C4ISR Architecture Planning/Analysis System (JCAPS) is a non-extendable
architecture tool developed by Logicon Inc. for the US DoD. JCAPS is intended to assist
in the development, management and distribution of C4ISR AF products.

The current version of JCAPS, version 2, provides support for the development of most
of the essential C4ISR AF products, including, OV-1 High Level Operational Concept
Graphics, OV-2 Operational Node Connectivity Descriptions, OV-3 Operational
Information Exchange Matrices, OV-4 Command Relational Charts, SV-1 Systems
Interface Descriptions, SV-2 Systems Communications Descriptions, and SV-3 Systems
to Systems Matrices.

JCAPS supports the development of graphical C4ISR AF products, as well as allowing
additional textual information to be assigned to the different modelling elements.
JCAPS includes basic drawing features, as well as a zoom and pan function'> and
follows most of the Microsoft NT GUI conventions.

While the current version of JCAPS provides no architecture analysis functions, future
versions of JCAPS are intended to provide the capability to analyse and evaluate operational
and system architecture designs in terms of completeness, effectiveness, and availability.1s
However, Logicon have provided no details as to what kinds of analysis and
evaluation functions future version of JCAPS will be able to perform.

15 JCAPS System User Guide (SUG) Beta Release, 07 August 1998. Logicon Inc.
16 JCAPS Concept of Operations Document. August 1998. Logicon Inc.
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Unlike most tools in this class, JCAPS is tied to a specific methodology, in this case the
C4ISR Architecture Framework. It can’t be extended by the end-user to provide
support for alternative methodologies, or even to modify or enhance the support it
provides for C4ISR AF.

The current version of JCAPS, version 2, can be integrated with existing IDEF style
process modelling tools. So process models, described as OV-5 Activity Models in the
C4ISR AF, can be importing into, and exporting from JCAPS.

Unlike many tools in this class, JCAPS is designed for a collaborative environment.
JCAPS has adopted 3-tier client/server architecture. The first tier is the JCAPS client,
which can run on Microsoft’s Window NT, or Sun Microsystems’s Solaris. The second
tier is the JCAPS application. The JCAPS application is responsible for maintaining the
object model, and enforcing the modelling rules. The JCAPS application tier can run on
Microsoft’'s Window NT, or Sun Microsystems’s Solaris. The third and final tier is the
Data Storage Tier, which is responsible for managing the storage of the JCAPS data.
The Data Storage Tier can run on Microsoft's Window NT, or Sun Microsystems’s
Solaris, and uses an Oracle database.

Currently JCAPS is only available within the US DoD. Several attempts have been
made by DSTO and ADF representatives to obtain a copy of JCAPS; so far none have
been successful. While no prices for JCAPS have been made available, it is likely that it
would be a very expensive tool to implement and maintain.

4.5.1 Who Will Use JCAPS?

Given the long-term commitment the US DoD has made to JCAPS, it is likely that
JCAPS will emerge as a major C4ISR AF tool. However, it is unlikely that JCAPS will
be able to support alternative methodologies, or to provide a more flexible approach to
general model development.

JCAPS would be useful to anyone who fully adopts the US C4ISR AF methodology;
this may include Capability Developers and Operational Planners. However, it is likely
that JCAPS would hold little interest for Architecture Researchers.

4.5.2 Overall Impressions of JCAPS

Overall, JCAPS seems to be emerging as a powerful tool to support the development
and maintenance of C4ISR AF compliant architectures. Planned enhancements to
JCAPS will see its utility continue to improve. JCAPS is also one of the few tools to be
designed to support a collaborative environment, and its deployment architecture is
likely to scale very well.
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However, as JCAPS is tied completely to the C4ISR AF, it can’t be considered a general
purpose modelling tool. It is also likely that JCAPS will be a very expensive tool to
implement and maintain.

4.6 Comparison of Reviewed Tools

As the reviews show, none of the reviewed tools performed well in all the functional
areas. PTech Inc.’s Framework tool was one of the few tools to have functionality in
almost all of the functional areas. However, as the above results show, Framework
doesn’t support any particular functional area well, and its poor model development
interface and high cost, lower Framework’s overall score. Framework has good
analysis features, but limited automation.

Computas AS’s METIS excelled in the model development interface functional area, as
well as in the Extendability and Customisation area, however, METIS s XML structure,
and its lack of a repository, seriously limit its ability to be used in a collaborative
environment. METIS has good facilities for manipulating diagrams, but a limited

analysis capability.

System
Functional Area Framework | METIS Architect ProVision
2001
Methodologies and Models 3/5 3/5 1/5 3/5
Model Development Interface 2/5 4/5 3/5 3/5
Tool Automation 2/5 1/5 3/5 2/5
Extendability and Customisation 4/5 4/5 1/5 1/5
Analysis and Manipulation 3/5 3/5 1/5 Unknown
Repository 3/5 1/5 4/5! 4/52
Deployment Architecture 1/5 1/5 4/51 4/52
Costs and Vendor Support 1/5 2/5 3/5 1/53
1. For the multi-user version of System Architect.
2. With the inclusion of the BOSS multi-user repository.
3. This includes the BOSS multi-user repository. See review for additional information.

Table 1. Comparison of reviewd tools by Functional Area.

Despite the hype surrounding Popkin Software’s System Architect 2001, it cannot be
considered an enterprise architecture tool. Almost all of the methodologies and models
it supports are still aimed at software development.

Proform Corp’s ProVision is an interesting tool that has taken a very different
approach to implementing modelling methodologies. However, this approach may not
provide defence architecture developers with the flexibility and expressive power
needed to capture complex Defence architectures.

Framework and METIS are the only two tools that would satisfy the needs of all three
groups as shown by the user communities comparison table below. METIS’s
sophisticated model development interface is far ahead of Framework. However,
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Framework is placed on a par with METIS because it supports the C4ISR AF, has better

analysis features, and a better repository.

System Architect is likely to satisfy no one, except maybe capability developers

involved in software intensive systems.

ProVision’s lack of flexibility would limit its use for Architecture Researchers.
However, Capability developers and Operational Planners may find ProVision useful,
if the architectures they are developing can be easily expressed in ProVision's
structures. If they can’t, ProVision’s lack of extendability would seriously limit utility

to for these two user communities.

User Communiti System
ser ommunities Framework | METIS Architect | ProVision
Dimension
2001
Capability Developers 3/5 3/5 2/5 2/5
Operational Planners 3/5 3/5 1/5 2/5
Architectural Researchers 4/5 4/5 1/5 1/5

Table 2. Comparison of tools for the User Communities Dimension.
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5. Custom and Alternative Approaches

So far, this review has considered only complete, self-contained architecture tools; tools
that provide all the needed functions in a complete application, or a collection of
tightly related applications. Given the emergent nature of architectures within the
Defence community, it may be impossible to find one single application that can
provide all the functionality needed. An alternative that Defence may need to
consider, is the development of a custom architecture tool, or the use of a collection of
integrated COTS applications, for example, combining an extendable drawing tool,
with a COTS repository, and analysis engine, to form an architecture tool.

This section reviews current custom application development initiatives within the
ADO, and outlines some potential integration strategies.

5.1 Current Custom Application Development -- The C4 Analysis Tool

An alternative to existing architecture tools, is the development of a custom tool,
specifically to satisfy the needs of ADF architecture developers. One current ADF
custom development effort, the C4 Analysis Tool (CAT), may provide a kernel for a
custom architecture tool.

The C4 Analysis Tool (CAT) was initially developed by the ADO, in conjunction with
Codarra Advanced Systems to support C4 capability analysis, simulation and planning
activities'”. The prototype CAT has been available on the ADF SECRET network as a
web-interface to a SQL-compliant database for some time and there are now plans to
grow the tool into a robust general purpose architecture tool, with the intent of
supporting C4 Architecture development and visualisation, capability analysis, simulation,
training and planning activities’s.

The current version of the CAT has a good user interface and a simple navigation
scheme. The basic information is associated with C4 components, systems, and entities.
Diagrams can be drawn as required, or information can be viewed in forms. Data entry
is primarily through forms, although it is intended that a future version of the CAT
will allow data to be imported from comma delimited text files.

The real strengths of the current version of the CAT are in its management of the
configuration of communications systems, and related information and security
systems. One feature of the CAT tool is that information about both planned and
current capability can be maintained, and alternative configurations of systems and
entities can be maintained as separate architectures. The CAT stores quite detailed

17 C4 Analysis Tool (CAT), Stage 3 Prototype User Manual Version 3.h. Draft, 21 Nov 2000.

Codarra Advanced Systems.
18 The Mature ADF C4 Analysis Tool (CAT), Statement of Requirements, Version 1.0, October

2000.

41




DSTO-TR-1139

42

information about the communications infrastructure. In particular, it provides a very
detailed representation of communications interfaces. Connecting two components
involves connecting a pair of suitable and compatible ports, which are not already in
use. The CAT is also designed to distribute the responsibility for maintaining this
information.

Icons, in the form of bitmaps (BMP), can be associated with each of the entities
captured by the CAT. A reasonably extensive set of Defence specific icons has already
been collected.

The current version of the CAT has a very rigid modelling paradigm; components are
combined to form systems, which are combined to form entities (or platforms). The
interfaces at each level in the hierarchy are a subset of the unused interfaces at the
lower levels in the hierarchy. This assumes a bottom-up modelling approach where
components are defined first, then systems, and finally entities. These restrictions may
be relaxed in future versions of the CAT.

The CAT has limited models of information flows, and tasks or activities. Information
flows are modelled at a very abstract level, using 10 NATO standard information
categories that include Operations, Plans, Intelligence, and Training. The current
version of the CAT has no way to represent tasks, although tasks and missions will
probably be associated with architectures, operational elements, and possibly with
information flows, in future versions of the CAT.

The information flows that are captured in the current CAT can be viewed in a
dynamic fashion. Information flows related to an entity, or between a set of entities,
can be displayed in a circular layout that clearly shows all the relevant exchanges. The
CAT can also produce a variety of standard reports based on the information stored in
the repository - including a report on the limitations of a particular configuration or
architecture. Future versions of the CAT will also allow some analysis of metrics that
are associated with the information flows. There are no plans to allow users to develop
their own reports or analysis functions.

The constraints imposed by the current version of the CAT, and to some degree the
planned, future version of the CAT, limit the applicability of the tool. Some Capability
Developers and Operational Planners might be satisfied with the limited information
model, the need to build entities using a bottom-up approach, and limited analysis
features. However, the lack of flexibility precludes the use of the CAT tool by
Architectural Researchers, unless they have access to the source code. The CAT is more
suited to managing the configuration of communications and related systems.

The plans for the CAT are still unclear. The existing version of the CAT may be
extended incrementally, adding new features with each version. Alternatively, a
completely new development effort may be undertaken. The cost of enhancing the
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existing version of the CAT, or undertaking a new development effort is still unknown,
as are the final functions of any future version of the CAT.

5.2 Integrating COTS Tools

An alternative approach to developing a custom enterprise architecture tool may be to
integrate relevant COTS products. For example, it may be possible to integrate an
existing, high-end, extendable graphical tool, such as Microsoft's VISIO, with an Object
Orientated style repository, for example ConceptBase. Analysis and simulation of the
architecture could be performed by specialist analysis tools, for example,
ProSim/ProCap and AIOWin, as well as general-purpose analysis tools, for example,
Microsoft Excel, or even custom analysis tools.

The key advantage of this approach to the development of an enterprise architecture
tool is its potentially lower cost, and lower risk than a custom development. While
many of the sophisticated COTS tools needed for this approach wouldn’t be cheap,
they may be cheaper than undertaking a custom development to produce tools of
similar functionally. Development time may also be much shorter for the integration
of COTS tools than for the development of a custom application.

While this approach may be cheaper and quicker than a custom development, the
result of this approach may simply not have the functionality required by Defence
architecture developers. COTS tools are seldom a perfect fit, and the ability to integrate
COTS tools often depends on how well the various tools can be extended. This
approach is also susceptible to changes in the interface and levels of support provided
by the vendors of the individual products.

However, this approach may provide a useful middle ground between a commitment
to a single vendor/single application, and a full custom development. Defence may be
able integrate different COTS tools together, to experiment with the requirements of a
full custom development effort.
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6. Conclusions

Currently, there is no one architecture tool likely to meet all the needs of the three
different user communities. Architecture tools are still at the point where they require
considerable input from programmers, systems analysts and analysts with an in-depth
knowledge of architectural models and methodologies, as well as the enterprise
domain, to make them useful for deployment within a Defence environment.

The Enterprise Architecture field is still maturing, both at the business end as well as in
the tool development arena. It is becoming apparent, however, that the development
of enterprise architectures is a community-driven activity and so an essential
requirement of tools in this area is deployability over a networked, distributed
architecture. Software development communities have already learned this lesson and
hence the mature networked capabilities of a tool like System Architect have allowed it
to dominate in its field.

Because the Enterprise Architecture field is still immature, encapsulation of
architectural approaches is rare within these tools. Both JCAPS and PTech Inc.’s
Framework have made an assault on the C4ISR Architecture Framework. Framework
also includes support for the Zachman Enterprise Architecture approach. The
importance of these features is that it widens the tool’s availability to end-users. If the
end-user’s task is merely one of populating an existing model with the business context
and data, this is a far easier task than instantiating a metamodel with a particular
approach then applying it to the business context.

The three user communities differ in their requirements from an architecture tool.
Capability Developers require a powerful and intelligent repository to store a wide
variety of models, metamodels and instantiated models. They also need a tool that can
cope with linked documentation such as scoping documentation and capability
proposals. The repository would need to have mature database rollback and recovery
capabilities as well as data integrity and versioning controls.

The user interface would need to be well developed and user-friendly with the ability
to customise presentation aspects such as icons and labelling. Encapsulation of an
architecture framework within metamodels is another essential feature, with the model
development interface minimising the user development aspects, but allowing for
some domain customisation.

Currently tools with strengths in these areas are Logicon Inc.’s JCAPS, PTech Inc.’s
Framework and Computas AS’ METIS.
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While Operational Planners also need, a powerful and intelligent repository with a
facility to allow for connectivity to data feeds and to allow for automated diagram
production, they would need a well developed and friendly user interface as well.

Perhaps the most important requirement of a tool for this group would be support for
architecture and system analysis and completeness investigations. Models, which
encapsulate compliance rules and allow queries on enforcement for analysis purposes
would be most useful to this group.

Tools with strengths in there areas are ADO/Codarra’s CAT tool and PTech Inc.s
Framework. The CAT tool has good, standard analysis and manipulation functions,
but its focus is on communications architectures rather than Enterprise architectures. In
contrast, Framework has relatively few useful standard analysis and manipulation
functions, but its strong query and reporting facility allow custom analysis functions to

be developed.

Architecture Researchers are a lot easier to please. They can cope with poorly designed
visual and modelling interfaces, and have the ability to create models from a variety of
architectural approaches. An important requirement for this group however, is a
flexible metamodelling facility. This allows the exploration of new approaches, which
can assist the enterprise in forging new architectural designs.

Other features that are important for this group are analysis and reporting facilities as
well as automated data capture and display.

The tools that would be strongest in this area are PTech Inc.'s Framework and
Computas AS’s METIS.
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Appendix B: Review Template

The goal of the review framework is to provide a consistent approach to reviewing the
architecture tools. The template outlines different areas to consider, and provides
indicative questions you should try to answer. Remember to highlight any special
features the tool has, or any function it performs extremely well, or extremely badly.

B.1. Tool Overview

The goal of this section is to provide the context for the more detailed review of the
tools functions, and its fitness for purpose. The overview should include:

o An overview of the intended goals, user groups, purpose of the tool; this
may be available from the vendors WWW site, or in the introduction
documentation provided by the tool.

o An overview of the structure and organisation of the tool.
o Is the tool a single application? Or several related applications? Does
the tool run over the network? Or on a single workstation?

o The installation process -- any problems? Anything special?

o Overview of the documentation provided by the vendor.
o How useful?

o  Quality?

o Overview of the help information provide within the tool.
o How useful?

o Quality?

o Any other items of interest?

B.2. Tool Functionality

This section reviews the core functionality of the tool. For the tool being reviewed, try
to describe the kinds of functions it has within each of the functional areas. Some
typical questions are presented within each functional area, however, not all of these
questions will be applicable to all tools. Remember to outline any special or unique
functions the tool offers in each area, or any major deficiencies the tool may have.

B.21 Methodologies and Models

o Wkhat methodologies and modelling approaches does the tool support?
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B.2.2

B.2.3

56

o How well does the tool support each of the methodologies and
modelling approaches?

o For tools that support several different complementary methodologies
or approaches, how are the different approaches integrated?

o For tools that support competing methodologies, how are the different
approaches integrated? Is it possible to move the one set of data
between the different approaches? How well is this supported?

o For tools that support functional methodologies (those methodologies
that mandate a sequence of activities), how intelligent is the
enforcement of the structures?

Any other issues or functions?

Model Development Interface
Provide an overview of the model development interface.

Quality of the design and layout of the model development interface?
o How well does it use the screen space?
o Is the interface logical and consistent to navigate?
o What kind of conceptual integrity does the interface have?
o How well does the interface follow the conventions of the host
operating system?

What kind of drawing support does the tool provide (this is also addressed by
the tool automation group)?

o Auto diagram layout?

o Auto connection?

o Contextual, data option menus?

Customisation of iconography.
o Can the icons used for entities, relationships, and so on, be customised?

Any other issues/functions?

Tool Automation

Provide an overview of the kinds of automation functions the tool provides.
o Customisable automation functions -- Scripts, Macros, etc?
0 Built-in automation functions -- auto draw, auto layout of models, etc
(see the previous group -- Model Development Interface for more info).
o Data driven automation -- model generation based on data, or results of
queries, etc.
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o Provide descriptions of any customisable automation functions the tool

supports.
o What elements of the application or models can they be used to
automate?
o How useful are they?
o Quality?

o Provide descriptions of any built in automation functions the tool supports.
o What kinds of automation do they offer, what elements of the
application or models can they be used to automate?
o How useful are they?

o Quality?

o Provide descriptions of any data automation functions the tool supports.
o What kind of automation can be performed on the data? Mass updates?
Auto loads? Can new models, entities or relationships be generated
based on some kind of data manipulation/process function?
o How useful are they?

o Quality?
o Any other issues/functions?

B.24 Extendability and Customisation

o Provide an overview of the tool’s Extendability and/or customisation concept.
o What does it apply to?
o How is it implemented?

o Describe what kind of support the tool provides for customisation.

o How can the existing metamodel structure (or whatever metamodels
map to in the tool being reviewed) be modified?

o How can support for new modelling approaches be added?

o What else can be or needs to be modified to support new modelling
approaches or methodologies? For example Textual interface (ie Forms)
repository queries or reports? Model constraints or rules?

o What kind of programmatic customisation is the tool capable of
supporting?

»  What kind of language is used to make the modifications?
* Scope of the function -- what can it affect?

o Describe the support the tool has for Extendability.
o How can the tool be integrated with existing software packages?
* Import/Export.
e What kinds of file structures? What kinds of tools?
= Exposed API?
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* Support for middleware -- COM/ Active X, CORBA, others?
o Any other issues or functions?

B.2.5 Analysis and Manipulation

o What types of analysis functions does the tool provide (also include any
simulation functions in this group).

o Are they analysis functions linked to specific models?

o What analysis can the functions perform -- what kind of questions,
about what types of models/methodologies, can the analysis functions
answer?

o Any interesting or unique analysis functions?

o What kinds of data/model manipulation functions does the tool support?
o Can the visuals (what entities, and relationships shown) of the models
be changed/manipulated?
* If so, how? Data query? Fixed function?
o Can different models be combined or deconstructed in some way?
» If so, how? Data query? Fixed function?
o Does the tool offer any other interesting manipulation functions?

o Any other issues or functions?

B.2.6 Repository

o Repository structure and type (this is closely related with the Deployment
Architecture functional group).

o Whatis the structure between the tool and its repository?
* Tightly coupled, single user or single repository?
* Simple client/server?
* More than 2 tier client/server?

o What kind of repository does the tool support?
* Is the repository based on a 3r¢ party product -- for example 3rd

party DBMS?

* Is the repository proprietary product?

o What kind of multi-user concept does the repository support?
o Is the repository capable of supporting concurrent multi-users?
o Is the repository intended to be single user only?
© Does the repository allow models to be exported and imported? If so,
can it deconflict the various models if needed?

o What kind of management functions does the repository provide?
o Versioning and/or change control?
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The ability to roll back/forward between different versions?

o Access control?
o Other functions?

Any other issues or functions?

Deployment Architecture

Describe the tools deployment architecture.

(e]
o
[¢]
(¢]

Single tool?

Several closely related tools?
Single workstation?
Client/server?

What other infrastructure does the application need (in addition to the OS)?

Any other issues or functions?

Costs and Vendor Support

Describe the indicative costs for the tool.

@)

o]
o]
o
o]

What kind of licensing deals does the vendor offer?

What is the cost per single user/single license?

What is the cost per Group/bulk/site licenses?

Does the vendor support floating licenses?

Are their any other approaches to lower the over all licensing cost of the

application?

What after sales support does the vendor offer.

o}

Vendor provided training?
»  What is the cost of training?
» Is there an Australian representative?

o Support agreements?

» Type of support provided?
*  What is the cost of the support agreements?
* Australian Representative?

o Application maintenance agreements?

= What is offered as part of the application maintenance
agreements (Upgrades, Bug fixes)?
»  What are the cost for maintenance agreements?

o Any other issues or functions?
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B.2.9 Special features or functions

o Does the tool offer any special features or functions not covered by any
of the above groups?

B.3. Suitability and Fitness for Purpose

The goal of this section of the review is to provide qualitative judgements of the tools
suitability for various user groups within the ADO.

o For each of the three groups (described in Section 2.2), discuss how well
the tool would satisfy the needs of the user communities. Draw on the
descriptions of the various functions provided by the tool.

* Highlight functions of the tool that would be useful to them.
* Highlight the functions the tool lacks that make it less useful to
them.

B.4. Overall Summary of the Tool

The goal of this section is to summarise the review, and highlight any interesting
features or shortcomings of the tool, and to present a value judgement on the overall
performance of the tool.

o Overall summary of the tools functionality.
* Re-state what the tool does well, and what it does poorly.
* Highlight any unique or interesting features of the tool.

o Overall summary of the tools suitability and fitness for purpose.
* For whom would this tool be ideal?

o Overall impression of the tool.
* Qualitative judgement of the tool based on your experience
with it.




DSTO-TR-1139

Appendix C: The GEM Framework (Computas AS’s
METIS)

Within GEM, the structure of the enterprise being modelled can be captured by the
organisation domain, which captures the main elements of an organisation. These
elements can be related to other domains within GEM, thus providing a way of
contextualising the various dimensions of the enterprise, for example the process,
products, information flows, and so on. Objects captured within the GEM domains can
also be related to specific geographic locations via the use of the geography domain,
which can be used to capture the physical locations of most of the GEM objects.

The functions of the enterprise can be captured by the process and workflow domains.
The process domain supports IDEF's ICOM style process modelling. The workflow
domain can be used to represent processes with information and physical flow, events,
and process roles. Both process and workflow domains can be related to the
organisation domain, as well as the domains used to capture information and physical
objects.

Information within the enterprise can be captured by the information domain. The
information domain implements a high-level information model, which includes the
information element, information element type, and information element group. This
structure is useful for taxonomic descriptions of information. The information, and
information descriptions, captured by these objects can be related to most other
domains, including the processes, systems, storage, requirement, and concept domains.

The end states, needs, and goals of the enterprise can be captured by the requirements
domain. The requirement domain is used to represent requirements and solutions, as
well as relating requirements to goals, functions, competencies and information.

The enterprise’s physical assets, function, and competencies can be captured by the
resource, storage, competence, substance and system domain. The resource domain is
used to model resources, which are defined as people, machines, and tools. Resources
can also be related to other domains through location, competence, systems, and
positions. The storage domain can be used to model the storage of objects; including
documents, processes, systems, information flows, and so on. The competence domain
can be used to capture current skills or required skills for a resource. Competence can
also be related to processes. The substance domain is used to represent physical
entities; physical entities can be related to the storage domain, the process domain and
in the form of an information flow, to the information domain. The final domain, the
system domain, is used to model the relationships between systems, information flow,
functionality, requirements and so on. Systems can be related to most other domains
through various relationships.
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The various products of the enterprise can be captured within the product domain, and
refined by the product catalogue domain. The product domain can be used for simple
product modelling. A product can be modelled as a hierarchical decomposition of sub-
structures, or as a collection of modules. The product catalogue domain can be used to
show the relationship between products, and the standard parts that may be used to
create them.

The final two domains within GEM, the concept and intention domains are used to
capture conceptual ideas. The concept domain provides a method for context
independent modelling of concepts. It allows any level decomposition of a concept,
much like a mind-map. The intention domain is used to conceptually model cause and
effect relationships. Both the concept and intention domains can be linked to many
other relevant GEM domains.
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